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Our studies of firn texture and diagenesis on the Siple Coast
of West Antarctica continued with collection of a 100-meter core
on ridge BC, between ice streams B and C, and with pit studies
on ridge BC and at the Upstream B camp on ice stream B (figure
1). Among the interesting preliminary results are that visible
stratification records an annual signal, that two types of depth
hoar can be recognized but only one type is an annual marker,
and that grain size increases rapidly with depth below 90 meters
on ridge BC.

The field work during December 1985 and January 1986 by
Alley continued our efforts to characterize better the texture of
firn and ice and to understand the processes that cause the
transformation of firn to ice. During 1984-1985, we conducted
field analyses on a 100-meter core from Upstream B and ob-
tained interesting results (Alley and Bentley 1985); however, the
core melted partially during shipment, so further field work
was required. To this end, coring was conducted to 101 meters
on ridge BC by B. Koci and W. Boller of the Polar Ice Coring
Office, Lincoln, Nebraska; core recovery was nearly 100 per-
cent. Detailed studies of 2-meter pits also were conducted on

Figure 1. Location map, showing drill site on ridge BC (+) and the
upstream B camp (*). "RIS" is the Ross Ice Shelf.

ridge BC and at Upstream B. Densities were measured and thin
sections cut and photographed in the field for both firn and ice.

The pit studies show a regular cycle of thick (approximately 5
centimeters) depth-hoar layers alternating with denser, finer-
grained firn. We interpret this cycle to be annual, and calculate
accumulation rates of 9.0 centimeters per year of ice on ridge BC
and 8.6 centimeters per year of ice at Upstream B, in good
agreement with results obtained from identification of radioac-
tive-fallout horizons (Whillans personal communication).

Two sorts of depth hoar can be identified in pits. In addition
to the thick, diagenetically controlled, autumn depth hoar that
serves as an annual marker, we find thinner layers (1 to 2
centimeters) of depth hoar in which low densities are deposi-
tional feature (surface hoar or still-air snowfall). Details of tex-
ture and contacts as well as thickness allow these types to be
distinguished.

We are determining textural parameters, including coordina-
tion number (Alley in press), from the thin-section pictures
using a computer-based image-analysis system (Bioquant II, R.
& M. Biometrics). These data provide a quantitative picture of
firn geometry and will be presented elsewhere. Of special inter-
est is the rapid increase in grain size below about 90-meter
depth at ridge BC (figure 2), which is accompanied by develop-
ment of a bimodal grain-size distribution; we are studying pos-
sible origins for this feature.
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grants DPP 83-15777 and Di p 84-12404. This is contribution
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Figure 2. Grain sizes from ridge BC core. Grain size is calculated as
1.5 times the average cross-sectional area of grains observed on a
plane of section. Age is calculated assuming constant accumula-
tion of 9.0 centimeters of ice per year and no vertical strain except for
densification.
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Our program, in cooperation with those of Ohio State Univer-
sity and the National Aeronautics and Space Administration, is
designed to determine whether the ice stream is currently
thickening, thinning, or remaining steady and to describe the
mechanics of the controls on its size and velocity.

The first objective involves comparing the input by new snow
accumulation with the output by ice flow. Accumulation rates
are obtained by drilling to detect the nuclear bomb fallout levels
in the firn stratigraphy and integrating the density profile above
these dated levels. The catchment area is to be defined from
velocity determinations. The outflow is obtained by measure-
ments of velocity and of thickness by radar along selected
transects across the ice stream.

The second objective is to determine which are the major
controls on the ice stream, and that is being addressed with
measurements of the fields of velocity, thickness, and surface
slope. Together with the constitutive relation for ice, the ve-
locity field can be used to identify where the restraints on ice
flow are located. Candidates include side drag, longitudinal
tension, longitudinal compression, and basal drag. A uniform
basal drag will not influence the surface velocity field, but the
basal drag is unlikely to be constant and variations in it will lead
to surface velocity and slope variations that can be detected.

During the 1984-1985 austral summer, the first measure-
ments of positions of markers were made and the program is to
be repeated in 1985-1986 to obtain velocities. Positions are ob-
tained in two ways. At safe airplane landing sites, Doppler
satellite receivers were left for 24 hours and, using a procedure
described below, accurate positions will be obtained. At many
of the Doppler stations black plastic photo targets were left tied
to bamboo poles. These serve as control for aerial photography
that was flown in January 1985. The photos show crevasses
clearly and repeated photogrammetry will provide velocities of
these crevasses (which are in areas where airplane landings are
not possible).

The central element of the program is surveying using the
U.S. Navy TRANSIT or "Doppler" satellites. The orbits of these
satellites are not adequately known for our purposes, and so we
continuously tracked the satellites from two small camps north

and south of the ice streams on the nearly stagnant ridges. With
these data, the tracking data obtained from the 24-hour stations
can be used to define positions more accurately. This technique
was used with great success on the Greenland Ice Sheet (Drew
and Whillans 1984) where formal accuracies of 0.1 meter (one
sigma) were obtained. In 1984-1985, we used one JMR-1 re-
ceiver and six or seven Magnavox MX1502 receivers. The
MX1502 receivers had electronic problems that degraded our
program, but we believe that surveying was adequate.

The aerial photograph was flown in January 1985, but unfor-
tunately, due to navigation problems, the photo blocks are shift-
ed about 11 kilometers with respect to the control (plastic photo
targets). Only about 35 percent of the photography is suitable
for precise position determination.

The north and south camps were operated by two people
each. In addition to servicing the satellite receivers, they con-
ducted a program of firn stratigraphy and measurement of
surface elevation and strain. The surface strain will help in
assessing the mass balance of the ridges and the firn stratigra-
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Outline of ice stream B with photo blocks. Ice flow is top to bottom in
the figure.
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